Using two thermal activation modelsfor dislocation motion, we analyzed experimental data for a Ti-Fe-O alloy. One is the Kocks-Mecking model and the other is the Ogawamodel. These two models differ from each other in the determination of athermal sttess component and the modeling of work hardening. The Kocks-Mecking model is found to describe well the measuredflow curves in a temperature range between 77 and 296 K and in a strain rate range between 10-5 and 10-2sec~i. The so-called base curve is found to be a flow curve at the strain rate of approximately I O 9 sec I by the caiculations using the Kocks-Mecking model. In actual, the strain rate of 10-9sec~1 js approximately the minimum strain rate obtained by the crosshead disp[acement dwell test. The Ogawamodel was found to be insufficient to describe the above flow curves for the Ti-Fe-O alloy.
Introduction
As a description of stress-strain curves of Ti alloys, Moriya et a/,1'2) have proposed the following equation: a = a(b + 8p)N + Ki"' ......... ..........(1) where a, b, N. K and nl are material constants, cr true stress, 8p true plastic strain and~s train rate. Moriya et al. named the first term of Eq. (1) as "base curve" which was obtained experlmentally by the crosshead displacement dwell test during tensile deformation. The test makes a crosshead dwelt andmakesapplied stress relaxed wlth time. After enough dwelling time, the changes in load and displacement becomehardly to be detected. Such stabilized stress and strain could give a point of the flow curve at the strain rate of O sec~l . Thosepoints obtained by repeated dwell tests at various strains construct the base curve. The second term of Eq. (1) showsthe strain rate dependenceof flow stress. Equation (1) was successfully described with well-fitted material constants for various kinds of Ti alloys at low temperatures. The modeling of stress-strain curve using the proposed equation is useful from an engineering point of view.
When we consider the relationship between thermal activation process of dislocation motion and Eq. (1), c•) 2000 ISIJ 84 the base curve: a(b + t;p)'v would be regarded to show athermal stress component of flow stress, while the second term of Eq. (1); K~"*, thermal stress component. This interpretation is howeverincorrect becausethe base curve depends on test temperature strongly. Then physical meaningof the base curve is unclear.
Many researchers have attempted to describe stressstrain curves based on thermal activation models.3~1 4) Recently, Follansbee and Graylo) and Chichili et al.1 l) have reported that a model proposed by Kocks and Mecking ( Moriya et al, 1) are analyzed using the KM and the Ogawa models.
The applicability of these two models and the physical Table 2 showedgood agreements with the measured ones. Thermal Activation Process Plastic deformation occurs based on thermal activation process and henceflow stress cr is written by the following equation:
(r=a*+(Tt _" """""' (2) where a* and cFt refer to athermal stress component and thermal stress component, respectively.
The resistances against moving dislocations are classified into short-range resistances and long-range ones as illustrated in Fig. 3 with thermal vibration energy kT where k and T are Boltzmann constant and test temperature, respectively, the dislocation can overcome the short-range resistance by thermal activation process. The higher test temperature is the higher thermal vibration energy becornes, leading to decreasing applied stress for plastic deformation. The applied stress must increase at a higher strain rate because a frequency to overcome the resistance decreases. On the other hand, in the case that the resistance is of long-range type, flow stress depends on neither strain rate nor test temperature because thermal activation process does not affect the dislocation motion. Generally the following Arrhenius type expressionls) describes the interaction between dislocations and short-range obstacles in thermal activation process:
where No is number of obstacles per unit volume, v thermal frequency, Aan area swept by a dislocation line and b Burgers vector. H is activation energy given as a function of stress as follows:
Here Ho is activation energy when external stress is not applied,,f the force of dislocation per unit length, d the average of distances which are necessary to overcome obstacles and crt thermal stress component written as: When test temperature is higher than the critical temperature T*, the dislocation can overcome all the short-range obstacles by the thermal activation process resulting in at = O. Athermal stress component cr* is obtained at a temperature above T*.7)
3.2.
Outline of KocksMeckingModel
TheKocks-Mecking(KM)modeldescribes flow stress (T as athermal stress componenta* and thermal stress component ( athermal stress componentaa is given by the yield stress at a very high temperature above Tc'7) In many works using the KM model, however, aa was assumedfrom the best fitting of the flow curves at lower temperatures and the experimental verification of the adopted a. was not given. The threshold stress (TD in Eq. (7) increases with strain as the dislocation structure evolves due to dislocation accumulation and annihilation. This structure evolution is described by the following equation:
where CTDS is a saturation value for the mechanical threshold stress (TD andOo is the stage 11 hardening rate.
In terms of sl ( Equations (9) Figure  5 shows comparisons between the stress-strain curves calculated by the KM model and the measured ones at 296K, 243 K, 205 K and 77 K. The KM model describes the measured stress-strain curves precisely. Figure 6 shows comparisons of the measured base curves with the calculated flow curves using the KM model. As observed the change in strain for 50ks after the above 200ks and found no detectable change. Therefore, the strain rate after 200ks means that it is less than l0~9 sec~1 which is consistent with the prediction in Fig. 6 . Thus, the base curve is revealed to be a flow curve at the strain rate of approximately l0~9 sec~1. The base curve does not mean the athermal stress component but contains thermal stress component. A dashedline in Fig. 7 also showswork hardening rate.
The intersection of flow curve and work hardening rate curve indicates the onset of plastic instability.
Here, the athermal stress component shows the theoretical limit and is smaller than the base curve. The influence of work hardening on the athermal stress component is neglected in the KM model. where Cl and C2 are material constants. Equation (15) describes work hardening for athermal stress component.
When plotted flow stress at various strains against the LM parameter, fiow stress at high temperatures became constant as shown in Fig. 8(a) , Thenthey determined the material constants C1 and C2 in Eq. (1 5) by fitting the experimental data. On the other hand, they defined the thermal stress componentas the difference between flow stress and the athermal stress component. The thermal stress component ve,'sus the LM parameter relation was independent of strains for various Ti alloys. Such an analysis for the present Ti-Fe-O alloy was examinedandthe resu]t was presented in Fig. 8(b) .
(2) agreements with the measured ones at 296 K, 243 K and 205 K, but apparently disagreement at 77 K. Figure lO showscornparisons between measuredbase curves and calculated flow curves. Although the measuredbase curve is roughly consistent with the calculated flow curve at the strain rate of lO~9 to lO~I o sec I at 296K, 243 K and 205K, their agreement is poor at 77 K.
While the KM modeldescribes stress-strain curves for the Ti-Fe-O alloy in the temperature range of 77 to 296K and the strain rate range of lO5 to l0~2 sec~1 precisely, the Ogawa modeldoes not. The sarne tendency was also obtained in terms of the base curve. Judging from these results, the KM model is more desirable than the Ogawa model to describe stress-strain curves of the Ti-Fe-O alloy in the temperature range of 77 to 296 K and the strain rate range of l0~9 to 10~2 sec~1. The reasons for this discrepancy will be discussed in the following sections.
4.3.

Determination of Athermal Stress Component
In the calculations by the KM model, we assumedthe athermal stress component to be 300 MPaas listed in was employedfor the present alloy, flow stresses at the LM parameter of I .5 x 104 depended on strain as seen in Fig. 8 (a) . Sothe athermal stress component was given as a function of strain listed in Table 5 
Modeling of Work Hardening
The modeling of work hardening is different in the two models employed above. Work hardening is currently considered to be mainly forest dislocations interaction.
In Eq. (7), work hardening is regarded as a part of thermal stress component and athermal stress component is assumedto be constant in the KM model. In the Ogawa model, on the other hand, work hardening @ 2000 ISIJ ISIJ International, Vol. 40 is regarded as athermal stress component and is given as a function of strain. Figure ll showswork hardening rate as a function of strain for the Ti-Fe-O alloy drawn by using the data in Table 2 . The work hardening rate curve apparently depends on test temperature, although the influence of strain rate Is hardly observed within the present experimental condition. This may be becausethe influence of test temperature on fiow stress is much larger than that of strain rate in the present experiments. Then, it is concluded that work hardening contains thermal stress component, and hence it should be given as a function of test temperature and strain rate like the KM model. The difference in modeling for the work hardening is found to bri~g the inferior application of the Ogawa model for the present alloy.
5.
Conclusions
The flow stress of a TiFe-O alloy in a temperature range between 77 and 296Kand in a strain rate range between l0~9 and lO~2 sec~I was investigated using the Kocks-Meckingmodeland the Ogawa model. Themain results are summarized as follows:
(1)
The Kocks-Mecking model based on thermal activation theory can precisely describe stressstrain curves of the Ti-Fe-O alloy obtained by Moriya et al. in the temperature range of 77 to 296K and the strain rate range of l0~9 to l0~2 sec~i.
(2) Based on calculations uslng the KM model, the measured base curves obtained by the crosshead displacement dwell test can be regarded as the stressstrain curves at the strain rate of approximately (2000) , No. 1 l0~9 sec~1 . This strain rate agrees with the strain rate of the engineering limit of strain detection.
(3) The Ogawa model is insufficient to describe the flow curves in the aboveconditions for the present alloy. This is mainly caused from modeling of work hardening which is treated as athermal stress component in the Ogawa model while the thermal stress component in the KM model.
